Vicia hirsuta (L.) Gray S.F. (tiny vetch) is a common and persistent segetal weed. Tiny vetch seeds and pods reach different stages of maturity during the crop harvest season. Some seeds that mature before cereal harvest are shed in the field and deposited in the soil seed bank, while others become incorporated into seed material.
INTRODUCTION
The segetal species of the wild-growing Vicia hirsuta (L.) Gray S.F. (tiny vetch) are semelparous plants that rely exclusively on generative reproduction. Seeds are the reproductive unit in tiny vetch. Mature seeds are easily shed by dry, cracked pods. According to K o r n a ś (1972), the released generative diasporas of tiny vetch spread by autochory (ballochory and barochory) and anthropochory, mainly speirochory with the sowing of mostly grain crops. In the crop harvest season, the seeds and pods of tiny vetch reach different stages of maturity. Some of the seeds that mature before cereal harvest are shed in the field and deposited in the soil seed bank. The remaining seeds are collected with the crops, i.e. cereal grain.
Most species of Fabaceae have an impermeable seed coat that imposes a physical exogenous dormancy (B a s k i n and B a s k i n , 1998; V a n A s s c h e et al. 2003) . This family is dominated by species producing hard seeds, although certain species rarely grow them (G r z e s i u k and K u l k a , 1981). Hard seeds are a form of seed dormancy which is defined by ISTA (1985) as seeds which remain hard at the end of the prescribed test period due to seed coat impermeability to water. Many authors suggest that the ability to produce hard seeds is generally a hereditary trait (B a s k i n and B a s k i n , 1998; G r z e s i u k and K u l k a , 1981; R a m s a y , 1997).
From the biological point of view, the formation of seeds with water-impermeable coats is beneficial for the given species. Hard seeds are marked by higher viability and the ability to germinate after different dormancy periods. Those traits contribute to the preservation of certain wild plant species (G r z e s i u k and K u l k a , 1981).
Research studies indicate that legume seeds become able to germinate at a specific development stage. It has been demonstrated (C r i s t a u d o et al. 2008 ; G r z e s i u k and K u l k a , 1981) that legume seed dormancy is a function of maturity. Seeds collected during early stages of development germinated relatively well, after which signs of dormancy were clearly manifested. Dormancy is usually deepest at full maturity (G r z e s i u k and K u l k a , 1981). In a different study, germination increased with seed maturity (e.g. G r e s t a et al. 2007; S a m a r a h , 2005; S a m ar a h and A b u -Y a h y a , 2008).
Weed seeds are stored with seed material until the spring. The conditions under which seeds are stored after harvest affect the dormancy of both field crop seeds and weed seeds. Desiccation and pre-chilling were shown to have an effect on the germination of seeds harvested at different maturity stages (S a m ar a h et al. , 2003; S a m a r a h and M u l l e n , 2004). Air-drying and pre-chilling were suggested methods for improving the germination of immature seeds in some crops (B e w l e y and B l a c k , 1994; D a s g u p t a et al. 1982; R a s y a d et al. 1990 ). Literature data concerning the effect of maturity stage and storage conditions on the germination and dormancy of wild plant seeds are scant (K u c e w i c z and
The objective of this study was to describe selected aspects of tiny vetch seed ecology: to compare the rate of individual reproduction of vetch plants growing in winter and spring grain crops, to evaluate the germination rate subject to the morphological diversity and maturity of seeds upon harvest, and to determine the effect of storage conditions on seed germination.
mATERIALS AND mETHODS
The species Vicia hirsuta (L.) S. F. Gray (tiny vetch) is an annual plant found in nearly all of Europe (T u t i n , 1968). In Poland tiny vetch is a common and persistent segetal weed species (H o ł d y ń s k i et al. 1986; K o r n i a k , 1992).
Pod and seed collection and storage
Vicia hirsuta seeds were collected from the populations growing in winter and spring grain crops in north-eastern Poland (Tomaszkowo, Warmia and Mazury Region) in July and August 2001. The seeds were removed from pods by hand and separated into 3 groups, according to the development stages of pods and seeds. The pod and seed development stages were determined and described based on pod and seed color. Pods and seeds were classified as follows: 1) green seed/pod (G); 2) greenish-brown seed/pod (GB); 3) brown seed/pod (B), fully mature seeds. The description of maturity stages is shown in Table 1 . Seeds at each development stage were divided into two groups. The first group was dry-stored in paper bags under laboratory conditions at ambient temperature (19±2°C) and RH (relative humidity) 35-45% for 2 months. In the autumn of the same year, seeds were subjected to germination tests. The remaining seeds were stored until spring, as follows: under laboratory conditions, in paper bags; in a storeroom at 3-8 o C and RH 35-45% (dry-prechilling); buried outside in nylon bags, at a depth of 7 cm. The germination rate was evaluated after 8 months of storage.
Germination test
Seeds were placed in Petri dishes on two layers of filter paper moistened with 10 ml of distilled water, and were incubated at 20±1 o C in the dark. Prior to the germination test, stored seeds were surface sterilized with the fungicide Pimafucin. For each treatment, five replicates of 50 seeds were used. Seeds were considered to be germinated with the emergence of the radicle. The number of germinated seeds was counted at 4, 10, 14 and 21 days after planting. Germination speed was estimated by calculating the germination rate index (GRI) as described by M a g u i r e (1962) using the following formula:
number of normal seedlings day of first count number of normal seedlings day of final count
The final percentage of germinated seeds was calculated for 21 days following seed sowing.
The results are presented as means of the germination percentages obtained in five replicates ± SE of the mean.
Fresh weight, dry weight and seed moisture content determination
At each development stage, five replicates of 100 seeds were randomly taken from the harvested seeds to measure fresh weigh (FW), dry weight (DW) and percentage seed water content (WC). The fresh weight of seeds was recorded immediately after separation from the pods. Seed samples were dried in the oven at 103°C for 24 hours and the dry weight of seeds was recorded to determine seed moisture content (%) on wet weight basis.
Generative reproduction
In the pre-harvest period, 50 individuals were randomly selected from four populations infesting winter wheat and from three spring barley populations in the area of Tomaszkowo (Warmia and Mazury Region). The number of flowers, setting pods and pods at different stages of development were determined for each individual (their total number was described as potential productivity). Actual productivity was identified as the part of generative reproduction excluding setting pods and flowers. Individual productivity was determined based on the fixed number of seeds per pod (2). 
RESULTS AND DISCUSSION

Generative reproduction
The tiny vetch's longer life cycle in winter wheat resulted in higher total actual productivity and potential productivity in comparison with its reproductive output in spring barley (Fig. 1) . The actual productivity was higher in plants fruiting in winter wheat than in spring barley, and it amounted to 173 pods (346 seeds) and 128 pods (256 seeds), respectively. Potential productivity which, in addition to developed pods, accounted also for flowers and fruit buds, reached an average of 178 pods (356 seeds) in winter wheat and 134 pods (268 seeds) in spring barley. Vetch plants produced around 17-26% more pods (including cracked, mature, greenish-brown and green pods) and around 25% less buds in winter wheat than in spring barley. In this study, the individual productivity of tiny vetch 
Fresh weight and moisture content
Fresh weight (100 seeds) varied subject to the development stage reached by seeds at harvest (Fig.  2) . The development and maturing of diaspores were accompanied by an increase in fresh weight (FW) and dry weight (DW) as well as by a decrease in seed moisture content (SMC). Seeds in phase G were characterized by the lowest weight (0.35 g) and the highest moisture content (81%). In mature seeds (B), weight increased more than twofold (0.74 g), while moisture content dropped to approximately 15% (Fig. 1) . Moisture content is the key factor responsible for the life processes of plants and seeds (B a i l l y and al. 2003 ; H e g a r t y , 1978). Significant diaspore dehydration at the final maturing stages supports and, in some cases, enforces dormancy (E g l i and T e K r o n y , 1997; K o p c e w i c z and L e w a k 2007).
Seed germination
The storage of seeds under laboratory conditions, in a dry environment at a high and constant temperature, did not support germination. In the autumn, two months after harvest, the germination rate index of laboratory-stored seeds in phases GB and B was largely inhibited (at 3% and 4%, respectively), and these seeds were in a deeper state of dormancy than undeveloped seeds (G) which germinated at a rate of 67%. The germination parameters did not improve after 8 months of storage. Seeds in phases GB and B were still in dormancy, the dormancy of seeds in phase G was deepened and their germination rate fell to 42%. Storeroom conditions had a beneficial effect on SG and GRI, and seeds at all three development stages broke dormancy at a rate of 72-75%. Germination was poor after seeds had been removed from soil. The germination rate index of seeds at stages GB and B was 4-1%, only immature seeds (G) germinated at a rate of 27% (Fig. 3) .
The method and time of seed storage affect the depth of dormancy. The storage of Vicia hirsuta seeds in a dry laboratory environment at a temperature of around 20ºC did not support germination. Seeds in phases GB and B were in a state of deep dormancy after 2 and 8 months of storage. The germination rates were lower after 8 months than after 2 months. V a n A s s c h e et al. (2003) reported similar results in a study of Vicia hirsuta seeds. After two months of storage under laboratory conditions (at around 20ºC), the germination rates did not exceed 1.7% at any of the temperatures studied (30, 23, 10 and 20/10ºC ). Low germination rates were also noted in respect of Vicia angustifolia seeds after 6 months of incubation at a constant temperature (15, 25º) (Y u r a and H a ya k a w a , 2000). The above germination rates of seeds stored at a high and constant temperature are consistent with the findings of G r z e s i u k and K u l k a (1981) . As noted by the above authors, warm and dry storage conditions deepen dormancy, and storage under high temperatures favors the transformation from permeable to hard seeds (O w e n , 1956 ). These findings do not constitute a general rule, however, as the seeds of other Fabaceae species responded differently: for example, newly-harvested Vicia ervilla seeds produced higher germination rates at the immature stage than at other development stages (S a m a r a h et al.  2003) . When stored for 20 days at 20ºC (air-dried), immature seeds did not germinate, while mature seeds germinated at a much higher rate. Air-dried seeds had a higher germination rate index than fresh seeds (S am a r a h et al. 2003) . Vicia sativa seeds collected in phases BS and SF (undeveloped seeds) and stored at ambient conditions were characterized by low germination rates and deeper dormancy than seeds harvested in phases GY, Y and B (mature seeds). The reduction in germination of depodded dried immature seeds was mainly due to the presence of dead and dormant seeds (S a m a r a h , 2005). Storage time induced a softening effect, even though seeds of Scorpiurus subvillosus were stored under laboratory conditions (G r e s t a et al. 2007) Storeroom conditions (5-8ºC) offered the most supporting environment for breaking the dormancy of V. hirsuta seeds. Seeds at all three maturity stages germinated at a rate of 72-75%. This response was validated by B r o n i e w s k i (1961) who argued that low temperatures, even below 0 o C, stimulated dormancy break and the germination of seeds of wild-grown plants. It should be noted, however, that the contribution of low temperatures to dormancy break and the germination of tiny vetch seeds was not confirmed by other authors. In an experiment performed by V a n A s s c h e et al. (2003), hard Vicia hirsuta seeds chilled at 5 o C for 8 weeks and tested at 23, 10, 20/10, 15/6 o C germinated at a rate of 0.3-1.2%. Seeds kept at low temperatures for 8 weeks and then exposed to a temperature of 20 o C were unable to germinate. The seeds of Vicia angustifolia, a winter annual plant, yielded a very low germination rate index when, after storage at low temperatures (4, 15 o C) for several months, they were transferred to 15 o C and 5/25 o (Y u r a and H a y a k a w a , 2000). Similar results to those noted in this study were noted with respect to Vicia ervilla seeds (S a m a r a h et al. 2003) . When dry-prechilled at 5 o C for 8 days, seeds at stages YP and BP (mature seeds) germinated at a higher rate than fresh seeds (83% and 99%, respectively), while immature seeds were characterized by similar germination rates as before prechilling, or only slightly higher. The results of this experiment as well as published data suggest that the dormancy of tiny vetch seeds is most probably broken not only by low temperatures, but also by an adequate moisture content and good aeration (B r o n i e w s k i , 1961; L i t y ń s k i , 1982). Storeroom conditions met the above requirements. The ability of pre-chilling to release dormancy was probably due to various metabolisms that occur during these treatments, including an increase in the levels and responsiveness of endogenous gibberellins (H i l h o r s t and K a r s s e n , 1992), and a substantial decrease in the ABA levels (B e w l e y and B l a c k , 1982).
According to K o r n a ś (1972), the generative diaspores of Vicia hirsuta spread not only by autochory (ballochory and barochory), but also by anthropochory with the sowing of crop plants (speirochory). K o r n a ś (1972; 1987) classifies vetch as a facultative speirochoric weed which does not demonstrate specific morphological and biological properties supporting this type of propagation. The results of this study indicate that tiny vetch can be classified as an obligatory speirochoric weed. When stored in a storeroom, the seeds of the investigated species are marked by high germination capacity, implying that they are well adapted to spreading by speirochory in field ecosystems.
The germination rate index of tiny vetch seeds removed from soil was low, at 4-1% at the GB stage, and 27% at the immature (G) stage. These findings are similar to the results noted by V a n A s s c h e et al. (2003) . In their study, Vicia hirsuta seeds buried in the ground for 2 years were excavated at monthly intervals and subjected to germination tests. A seasonal germination pattern was not noted and the analyzed seeds germinated at a very low rate (<1%) in every month of the study.
The most probable reason for inhibited germination of mature seeds is the induction of dormancy. Mature and less mature seeds (B, GB) show dormancy due to their hard impermeable seed coat that prevents water absorption and gaseous exchange, which induces deep dormancy according to many authors (B a s k i n and B a s k i n , 1998; E g l e y , 1995). The observed response of tiny vetch seeds at stages GB and B has been validated by C r i s t a u d o et al. (2008) , G r z es i u k and K u l k a (1981) who noted that the dormancy of legume seeds is induced as late as at the end of maturation, and the depth of dormancy is a function of maturity. According to other authors, seed hardness is observed in various Fabaceae species at different stages of development, but the same argument is used to explain the decrease in seed hardness. The results of other studies indicate that the germination rate index of Vigna radiata, Vicia sativa, Cicer arietinum and Glycine seeds increased with maturity, reaching 
CONCLUSIONS
1. The seeds of tiny vetch reach different stages of maturity before and upon crop harvest. Some seeds are deposited in the soil seed bank, while others find their way to the seed material which is stored until sowing in the spring. Harvest time determines the rate of actual productivity of tiny vetch seeds, which is higher for vetch plants infesting winter crops than spring crops. 2. Tiny vetch seeds at different maturity stages (G, GB, B) were stored under various conditions. In each group of the investigated seeds, the highest germination rate index was reported for immature seeds (G). Seeds at maturity stages GB and B were dormant seeds with germination rates of several percent. Their dormancy was not broken after longterm storage under laboratory conditions or stratification in the soil in the winter season. Storage in a cool and dry storeroom environment was most conducive to breaking the dormancy of seeds at all development stages. 3. The wild-growing, segetal tiny vetch maintains a constant seed bank population in soil. The part of the population found in seed material (stored in a storeroom) successfully germinates in the agrocenosis when sown together with crop plants. The ease with which tiny vetch seeds germinate after storage in a storeroom implies that they are well adapted to spreading by speirochory in field ecosystems. In view of its biological adaptation for agricultural treatment and post-harvest conditions, tiny vetch may be classified as an obligatory speirochoric species.
